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The	Willow	Tit	Parus montanus	is	a	sedentary	
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the	colour	variation	 is	 related	 to	climate	or	 its	
correlates.	According	 to	Gloger’s	climatic	 rule	











Figure 1. Map of southern Norway showing the sampling sites and the number of Willow Tits examined (figures in 
circles) in two simplified vegetation ecological regions, coast and inland. Based on Map 95 in Moen (1999).
MATERIAL AND METHODS
Hogstad, Thingstad & Daverdin: Colour variation among Willow Tits




















cap	were	 correlated	with	 1)	 the	 geographical	
















Variation in plumage colour and colour patterns 
of the birds 
The	variation	(coefficient	of	variation	CV=100SD/
mean)	 of	 the	 plumage	 colour	 of	 the	 birds	 is	
largest	 in	 the	mantle	 and	underpart,	while	 the	
cheeks	and	cap	vary	less	(Table	1).	The	chroma	
notation	(saturation	of	the	colour)	is	also	higher	
for	 the	mantle	 (CV=27.42)	 and	 the	 underpart	
(CV=31.80)	than	for	the	cheeks	(CV=7.19)	and	





	 Min Max mean ±SD CV
	 	 	 	
Mantle	 3.5	 5.5	 4.645	±0.66	 14.29	 	
	 	
Underpart		5.0	 8.5	 7.11	±0.72	 10.14	 	
	 	
Cheeks		 6.5	 9.0	 7.90	±0.57	 7.19	 	
	 	
Cap		 1.5	 2.0		 1.52	±0.11	 6.95
	 Underpart Cheeks Cap
Mantle	 			0.49***	 0.30**  0.07
Underpart	 -	 		0.62***	 -0.07
Cheeks	 -	 -	 -0.12
Table 1. Mean values ± SD and coefficient of variation 
(CV=100SD/mean) in the colour variation of mantle, 
underpart, cheek and cap of 86 Willow Tits from 
southern Norway. The colour scale follows the Mun-
sell scale (see Methods) where the notation denotes 
the degree of lightness or darkness from black (0) to 
white (10). 
Table 2. Relationships (Spearman, r
s
) between the 
colour of the mantle, underpart and cheeks of the 
Willow Tits (n=86). Figures in bold denote significant 
correlation values. **=p<0.01, ***=p<0.001
RESULTS









cap	 shows	no	 significant	 relationship	with	 the	
colour	of	the	mantle	or	underpart.
	
Variation in plumage colour and geographical 










whereas	 no	 such	 relationship	was	 found	 for	













the	 clinal	 variation	 in	 the	mantle	 colour	 and	
the	 latitude	 and	 longitude,	 respectively.	These	
results	 reveal	 a	 clear	 relationship	 between	 a	
clinal	variation	in	the	colours	of	the	Willow	Tits	
and	 their	sampling	site,	demonstrating	 that	 the	











inland	 areas	 (mantle	 5.01,	 cheeks	 7.99;	Table	
3),	showing	that	birds	from	coastal	areas	have	a	
darker	mantle	and	less	pale	cheeks	than	inland	






Plumage colour related to temperature, precipi-
tation and growing season
The	colour	variations	of	mantle,	underpart	and	
cheeks	are	significantly	correlated	with	the	mean	
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Figure 2. Relationship between the darkness of the 
mantle colour (the reflection values in Munsell nota-
tion; see Methods) of 86 Willow Tits and the latitude 
(oN) of sampling sites (r
s
=0.56, p<0.001). A low figure 
indicates a darker colour than a higher figure. The 
slope of the linear regression, b
1
=0.202.
Figure 3. Relationship between the darkness of the 
mantle colour of the Willow Tits (n=86) and the 
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	 	 Annual  Annual Growing
  precipitation temperature season
	 Mantle	 						-0.57***	 				-0.35*** -0.18
	 Underpart					-0.46***	 				-0.53***						-0.38***
	 Cheeks	 				-0.33**	 				-0.39***     -0.32**
	 Cap	 -0.01	 -0.26*   -0.26*	
the	cap	is	correlated	only	with	the	temperature	






























colour	 variations	 and	 the	 climatic	 parameters	
in	Table	4	were	found	for	the	mantle,	underpart	
and	cheeks.	The	models	obtained	by	univariate	
analysis	 of	 these	 variations	 (Table	 5)	 confirm	
a	 significant	contribution	 from	 the	annual	pre-
cipitation	in	explaining	the	colour	variation	for	










cially	 in	 south-west	Norway	where	 the	 annual	
precipitation	and	temperature	are	relatively	high,	
have	significantly	darker	mantles	and	underparts	






















&	Rohwer	 1989).	A	 crucial	 question	 is	 how	
differences	 in	 colour	 are	 related	 to	 functional	
differences	in	various	environments.	The	degree	
DISCUSSION
	 	  Coast (n=18) Inland (n=68)
	 Mantle	 					4.14	±	0.38***	 4.78	±	0.66
	 Underpart	 	6.92	±	0.49*	 7.16	±	0.77
	 Cheeks	 				7.61	±	0.56**	 7.98	±	0.55	
	 Cap														 1.50	±	0.00	 1.53	±	0.12
Table 3. Mean values ± SD of the degree of darkness 
of the mantle, underpart, cheeks and cap of Willow 
Tits (n=86) caught in two vegetation ecological 
regions. A low value indicates a darker colour than 
a higher value. * denote statistical differences in a 
Mann Whitney test (2-tailed), *=p<0.05, **=p<0.01, 
***=p<0.001.
Table 4. Relationships (Spearman, r
s
) between the 
colour variation in the plumage of the Willow Tit 
(n=86) and the mean annual precipitation and tem-
perature and the length of the growing season.
Ornis Norvegica 32: 49-55
54
	 Parameter Source ∑ df F p	
	
	
	 Mantle	 Corrected	model*	 20.85	 10	 9.43	 <	0.001
	 	 Prec.	 2.23	 3	 10.10	 <	0.001
	 	 Temp.	 1.48	 3	 6.69	 <	0.001
	 	 Prec.	x	Temp.	 0.015	 3	 0.07	 			0.976
	 	 *R2	=	0.56
	
	 Underpart	 Corrected	model*	 1.74	 10	 4.85	 <	0.001
	 	 Prec.	 1.59	 3	 4.45	 0.006
	 	 Temp.	 0.73	 3	 2.05	 			0.114
	 	 Prec.	x	Temp.	 0.91	 3	 2.54	 			0.063
	 	 *R2	=	0.39
	
	 Cheeks	 Corrected	model*	 		1.05	 10	 4.67	 <	0.001
	 	 Prec.	 1.59	 3	 5.95	 			0.001
	 	 Temp.	 0.32	 3	 1.42	 			0.243
	 	 Prec.	x	Temp.	 1.56	 3	 6.94	 <	0.001
	 	 *R2	=	0.38
Table 5. Results of univariate analysis of variance of plumage colour in Willow Tits (n=86). A full factorial 
model (F), including intercept and type III sum of squares (∑), is used. The categorised variables, annual pre-
cipitation (Prec.) and annual temperature (Temp.), are each divided into five steps. (Prec.: 1 = 500-700 mm, 2 
= 700-1000 mm, 3 = 1000-1500mm, 4 = 1500-2000 mm and 5 = 2000-2500 mm; and Temp.: 1= 0-÷2°C, 2 = 




















Norge	 (sør	 for	 64	 oN),	 viser	 det	 seg	 at	 rygg,	
underside	og	kinn	av	meiser	varierer	i	lys-mørk	
farge.	Fugler	 langs	kysten	er	klart	mørkere	og	
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